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Abstract 
In order to meet the ever-increasing demand of high data rate and improving signal to noise 
ratio in the upcoming 5G, we present the mathematical modeling, design, and simulation of 
Electronically Steerable Parasitic Array Radiator (ESPAR). The proposed antenna consists 
of an active central element which is surrounded by six parasitic elements. The antenna is 
operated at a frequency of 2.45GHz and is capable of 360-degree beam steering in the step of 
60 degrees each. Around 6dB gain was achieved. The designed antenna is highly efficient in 
terms of size and cost since there is only one active element, therefore, only one feed is 
required. The Antenna beam is steered by controlling parasitic elements. Due to higher gain 
and improved bandwidth, the designed antenna is more suited for multiple-input-multiple-
output (MIMO) applications. The MIMO technique will reduce propagation losses and 
enhance system efficiency. Similarly, diversity gain can also be achieved by using this kind of 
smart antennas. 
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INTRODUCTION 
Smart antennas are used to improve the 
performance of a wireless communication 
system by enhancing the gain in a chosen 
direction. Wireless communication has 
rapid progress because they are often more 
convenient for users. The Antenna is an 
indispensable part of wireless 
communication.   In order to meet the 
demand for higher data rates, smart 
antennas are used for 5G and IoT [1]. 
There are several benefits of using smart 
antennas some of them are larger covering 
area, increased SNR and capacity, 
providing spatial diversity, etc. 
 
The beam steering of an antenna can be 
done by means of mechanical movement 
of a directional antenna or by electronic 
beam steering. An electronic beam 
steering antenna does not require moving 
parts. Therefore there is less damage on 
the antenna as compared to mechanical 
beam steering. Electronic beam steering is 
strong and provides a more accurate 
approximation of the desired signal. Phase 
shifters are used to achieve an electronic 
beam forming that is coupled with an array 
of antenna elements [2]. It allows a very 
fast beam switching and target 
identification coupled with the ability to 
monitor multiple targets at the same time. 
These advantages are impossible to 
achieve using traditional mechanical beam 
steering. Hence, electronic beam steering 
is used instead of mechanical beam 
steering. 
 
In this paper, an electronically steerable 
parasitic array radiator antenna uses 
mutual coupling between antenna elements 
to achieve beam steering instead of phase 
shifters. It is an electromagnetic 
interaction between the antenna elements 
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in an array. ESPAR antenna posses an 
active central element surrounded by six 
parasitic elements [3]. Each parasitic 
element is loaded with specific reactance. 
To achieve effective mutual coupling 
elements are placed at a quarter of 
wavelength or less distance so that the size 
of the antenna is small as compared to 
phased array antennas. 
 
ESPAR antenna has lower losses because 
we have only one active element, 
therefore, only one feed is required. 
Previously designed ESPAR antennas 
have all cylindrical elements. In this paper, 
we have proposed the design of the 
ESPAR antenna with a conical central 
element. It improves the bandwidth as 
compared to the previously designed [6], 
[7] ESPAR antenna. The proposed antenna 
is more suited for multiple-input-multiple-
output (MIMO). In MIMO systems, there 
is a large number of transmitting and 
receiving antennas. The MIMO technique 
reduces propagation losses [4]. This paper 
focuses on the design of seven elements 
ESPAR antenna to improve the bandwidth. 
 
RELATED WORKS 
ESPAR  Antenna System for Effective 
Tracking of Active Targets 
Focused on effective tracking of active 
targets in 3D, Signal to noise ratio 
improvement and dynamic beam forming, 
the ESPAR antenna approach is used. 
Specifications of seven elements ESPAR 
is mentioned here [11]. In this ESPAR 
system, antenna elements are placed at a 
λ/4 distance and each parasitic element 
surrounding the active central element is 
loaded with different reactance values. 
Loading of different reactance values 
makes beam steering in the desired 
direction possible. Usually, phased array 
antennas are used for electronic beam 
steering they vary the directivity 
electronically but such antennas cannot be 
made possible due 
 
 
Figure 1: ESPAR antenna model with cylindrical central element. 
 
to restriction of the minimum distance 
between elements. In ESPAR systems 
phase shifters are not used since element 
spacing is decreased mutual coupling 
among the elements become strong which 
leads to the construction of transmitter and 
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receiver in a single system. Designed 
antenna is efficient in terms of size and 
cost which replaces the current Omni 
directional antenna. Accompanying with 
an efficient beam forming the designed 
antenna is a step forward to green 
technology operating at low powers by 
keeping constant EIRP(Equivalent 
Isotropic Radiated Power). Furthermore, 
there is a single feed element instead of 
seven, so losses are also reduced. 
 
Smart Adaptive Beam forming Antenna 
for Interference Cancellation 
A smart antenna is an antenna that has 
signal processing capability to transmit 
and receive power in a flexible and 
spatially sensitive manner. A smart 
antenna can enhance user experience and 
system capacity by reducing interference, 
spanning range, increasing data rates and 
improving quality [14]. Beam steering can 
be achieved in two ways, electronically 
and mechanically. Mechanical beam 
steering involves moving parts, so it not 
much robust and reliable compared to 
electronic beam steering. ESPAR antenna 
finds an application in ad hoc computer 
networks. Wireless networks are 
susceptible to interference and this will 
affect the signal to noise ratio. ESPAR 
antenna can overcome this problem by 
placing maxima in the desired direction of 
signal and minima in direction of 
maximum interference. Fig.1 shows the 
ESPAR antenna model with a cylindrical 
central element. 
 
Miniaturization of ESPAR antenna 
using folded monopoles and conical 
central element 
Miniaturized Electrically Steerable 
Array Radiator (ESPAR) antenna with 
folded parasitic monopoles with conical 
central element is able to cover a 
bandwidth from 2.35 GHz to 2.55 GHz 
[5]. Folded monopole structure with a 
conical central element is employed to 
reduce the size of the antenna. The 
height of antenna monopoles is reduced 
to ¼ wavelength, making it three times 
smaller than conventional ESPAR 
antenna. To improve bandwidth and 
return loss,  
 
 
Figure 2: ESPAR antenna model with conical central element. 
 
central antenna element is conical. In spite 
of its compactness, antenna achieves the 
gain of 7 dB and return loss of -25 dB at a 
designed frequency of 2.45 GHz. Antenna 
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main beam can be steered in the horizontal 
plane across a range from 0-360 degrees by 
opening shorting parasitic elements. The 
proposed ESPAR antenna has a compact 
size, beam steering ability and in spite of 
its compactness antenna achieves almost 
the same gain as that of standard ESPAR 
antenna. 
 
PROPOSED SYSTEM 
Previously mentioned ESPAR systems 
have all cylindrical elements, including 
feed elements [6]. We have proposed the 
design of seven elements ESPAR antenna 
with a conical central element. Fig. 2 
shows the ESPAR antenna model with a 
conical central element. So in this system, 
a conical element is the active element. All 
other parasitic elements which surround 
the active element are cylindrical 
monopole antenna. Conical element is 
optimized using  HFSS(High-Frequency 
Structure Simulator). This proposed 
ESPAR system has more bandwidth 
compared to the previously mentioned 
ESPAR antenna. Also, this system is more 
suited for MIMO (Multiple Input Multiple 
Output)applications. 
 
PARASITIC ARRAY ANTENNA 
CONCEPTS 
The antenna array is defined as a set of 
antennas connected which works as a 
single antenna [7] that transmits or 
receives radio signals. In seven element 
parasitic antenna array, the active element 
is placed at the center and the parasitic 
elements are placed around it, 60 degrees 
apart from each. The feed is given to the 
central element through lumped port 
excitation. Parasitic elements are made by 
cutting copper wire of the desired gauge 
and these elements are soldered on the pin 
of SMA connectors. 
 
Mutual Coupling 
Mutual coupling is defined as the 
electromagnetic interaction between the 
antenna elements in an array. The  
 
 
 
 
 
 
Table 1: Design parameters. 
Parameters Values 
Ground skirt length lambda/4 
Monopole length lambda/4 
Frequency 2.45 GHz 
Ground Radius lambda/2 
Monopole Radius lambda/200 
Ground Thickness 3mm 
 
current developed in each antenna element 
in an array depends on their own 
excitations and also the contributions from 
adjacent ones [9]. Each element is 
separated from the other element by a 
quarter of a wavelength, thus mutual 
coupling takes place and there is a shift in 
the phase of the current in each element 
[10]. 
 
Beam Steering 
Beam steering gives the direction of the 
radiation pattern. It is achieved by 
switching the elements or changing the 
phases of signals driving the elements. 
Beam steering is achieved through mutual 
coupling [11]. The designed antenna is 
capable of 360-degree beam steering in 
steps of 60 degrees. The beam is steered 
by using analog multiplier switch ADG 
904. The beam is steered towards the 
element which is open. 
 
DESIGN PARAMETERS 
Table 1 shows the design parameters. 
Aluminum is used as the ground plane. 
Parasitic elements are mounted on the 
ground plane using SMA (SubMiniature 
version A) connectors. Monopole element 
mounted on a [8] ground plane is 
equivalent to a dipole antenna. The 
antenna is simulated using HFSS (High-
Frequency Structure Simulator) [12]. 
 
Antenna  Simulation  
Fig. 3 shows the simulated antenna model. 
Standard ESPAR antenna and switched 
parasitic array antenna all have cylindrical 
monopole elements including the central 
element. We have replaced the cylindrical 
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central element with a conical central 
element and then simulated. 
 
RESULTS AND CONCLUSIONS 
Due to the conical central element instead 
of cylindrical, there is an improvement in 
the frequency range. Fig 4 shows the S 
parameter plot of standard ESPAR antenna 
with all elements cylindrical. Fig. 5 shows 
the S parameter plot of the ESPAR 
antenna with a conical central element. 
 
S parameter plot shown in Fig. 5 depicts 
the return loss has been improved and 
considering -10 dB as cut off point the 
bandwidth of 0.275 GHz is obtained, 
which is larger than the standard ESPAR 
antenna bandwidth. 
 
 
Figure 3: Simulated antenna model with a conical central element. 
 
 
Figure 4: S Parameter plot of standard ESPAR antenna. 
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Figure 5: S Parameter plot of ESPAR with conical central element antenna. 
 
5G networks are promising high data rates 
compared to previous network 
technologies. The proposed band of 5G is 
expected to be from 30 GHz to 60 GHz, so 
for such high frequencies, there might be 
path losses that can be avoided by beam 
steering antennas. Integrating a beam 
steering mechanism along with ESPAR is 
a good contribution to the future 5G 
network. At present we cannot say which 
technologies will enhance the efficiency of 
the 5G network in the long run but we can 
assure that some few technologies will be 
in the front- runners. They are Millimeter 
waves, small cells, massive MIMO, full 
duplex, and beam forming. 
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